In recent years much attention has been paid to the problem of preventing blindness from glaucoma. The majority of victims of severe visual impairment due to this group of diseases are suffering from the form known as chronic simple glaucoma, or glaucoma simplex, and it is in this disease that there is most difficulty in early detection. The other forms of glaucomaangle closure glaucoma and secondary glaucomatend to produce symptoms at a relatively early stage and thereby to come under medical care. I confine myself to the early detection of chronic glaucoma.
As an ideal we should seek a simple, acceptable test which could be accurately performed by a trained technician, and which would clearly and unequivocally identify those destined to develop the disease. The test should invariably be positive in the preglaucomatous state and negative in the normal individual with no intervening 'twilight zone'. For the individuals detected by this test, there should be a treatment of proven preventive value whose effects, spread over the whole population under treatment, are significantly less incapacitating than the disease itself. This latter point is important. I do not think that it is sufficient merely to delay or prevent the development of the disease in a few individuals at the cost of gross inconvenience to the majority.
Not suprisingly, no test fulfilling the above criteria exists. I propose, however, to examine those physical signs of chronic glaucoma which have been used as indicators of unsuspected -disease and to see how far they fall short of the ideal. Before I do so, I must point out one small difficulty in the use of the word 'presymptomatic' in relation to glaucoma. To most of us symptoms are subjective phenomena which can be elicited by the taking of a history; signs are objective and require that the examiner elicits them by the use of his own senses. The cardinal sign or symptom of chronic glaucoma is the loss of visual field, which lies in a no-man's-land in that, in its early stages, the use of specialized techniques is necessary before it becomes evident to the patient's own senses. It will otherwise pass unnoticed until an advanced stage in the disease. Therein, indeed, lies the very reason for the malignancy of chronic glaucoma as a blinding disease. Although strictly a symptom of established disease, therefore, early field loss may, from the preventive viewpoint, be considered as a precursor of symptomatic disease.
Intraocular Pressure
For the past fifteen years much of the published work on the early detection of glaucoma has been concerned with the definition of normality in terms of ocular pressure, and the application of these definitions to the identification of hitherto unsuspected causes of glaucoma.
Many workers have established that the distribution of ocular pressure is not symmetrical, departing from the gaussian distribution in being slightly skewed towards high pressures. More detailed investigation (Armaly 1965 , Graham & Hollows 1966 reveals that the extent of this skewing increases after the age of 40. This suggests that, over the age of 40, the population can be divided into two groups, one of which shows a steady or only very slowly rising pressure, the other a rise in pressure of greater magnitude. From the known association of high intraocular pressure with glaucomatous field defect, it would be reasonable to suppose that future glaucoma patients belong to this second group.
The distribution of ocular pressure is sufficiently close to normal for the mean and standard deviation to be calculated and used to predict the probability that any particular value ofintraocular pressure belongs to a population normally distributed about the mean value. Unfortunately this fact has led to the belief that all pressures outwith the symmetrical normal distribution are 'abnormal'. However, ocular pressure is not alone in showing a skew distribution, and the mere fact of failure to conform to a symmetrical distribution cannot be accepted as proof of incipient disease without clear evidence obtained by followup studies at all levels of pressure. No wholly satisfactory study has yet been completed, and such evidence is therefore not yet available.
Many endeavours have been made to clarify the position by the use of various more complex procedures based upon tonometry. These pro-cedures are designed to demonstrate undue lability of pressure (Leydhecker 1954) , or to measure the resistance of the outflow system of the eye (Grant 1951) . It is hoped thereby to subdivide those whose pressures are outwith the reasonable limits into separate groups who are or are not suspected of being preglaucomatous. Unfortunately, here again the same method of comparison with a normal distribution has been used, and the tests are all based upon intraocular pressure and its variation. Clearly, until satisfactory follow-up studies of all these groups have been carried out, it is not possible to use them to predict the probability of future glaucoma-like field change.
An illustration from our own results will perhaps make this point more clear. In our survey of 1963 in which we carried out tonometry on 4,231 persons, we investigated in detail all those whose intraocular pressure of 21 mmHg or more rendered them 'suspect' according to the normally accepted tonometric criterion (Graham & Hollows 1966) . In the course of the investigation we measured the outflow facility tonographically and calculated the ratio of intraocular pressure (P.) to outflow facility (C) (Leydhecker 1958) . Those in whom this ratio exceeds 100 are usually considered to have a high risk of developing glaucoma. There were 397 tonometric and 83 tonographic suspects. The full meaning of these figures is brought home when one realizes that the application of these criteria to those aged 40 or over in England and Wales would mean 1,620,000 tonometric and 350,000 tonographic suspects.
The ratio of such suspects to actual cases of glaucoma-like field defect is also of interest. In our own survey, covering 92% of a defined population, there were 20 patients with such defects already known or discovered by field screening. This does not seem a very satisfactory ratio and one would question the desirability or practicability of observing or treating asymptomatic raised pressure in the hope of delaying or averting the development of glaucomatous field loss in such a small proportion. Using life table methods it is possible to estimate rather crudely that for every year lived in a state of glaucomatous field loss (not blindness or even necessarily severe visual defect) seventeen years are lived in a state of pressure of 21 mmHg or over and four years with a ratio of PO/C of more than 100 (Graham & Hollows 1966) . Armaly (1962) has shown that if several of the tonometric tests are applied to the same population, the overlap of suspects by the different methods is poor. Of four tests (applanation tonometry, Schiotz tonometry, tonography and PO/C ratio), 246 were suspect on one test only, 50 on two, 14 on three and only 2 on all four. In other words, by different tests one tended to suspect different people.
From the above it is obvious that tonometry and its related group of tests fall far short of the ideal as a method of defining a preglaucomatous state and that at present it should be accepted that it is not possible to identify the potential glaucoma patient before the development of a field defect. In the field of prevention, attention would be better directed towards the identification of those who, though unaware of it, have already lost some visual function. For this purpose it might still be possible to use tonometry as the initial screening procedure if it could be shown that all those with glaucoma-like field defect were selected by a single pressure measurement. The method would obviously have a high false positive rate but a simple field test would separate the sheep from the goats.
Unfortunately, recent studies have demonstrated a poor correlation between a single measurement of pressure and the presence of a field defect. Armaly (1962) found glaucoma-like field defects at all levels of pressure. Indeed, he reported that almost all the arcuate scotomata (early, possibly glaucomatous defects) would have been missed by examining only those whose tension was two standard deviations or more from the mean value. This is a commonly used criterion. In our own survey work we also found that defects of the glaucoma type, not accounted for by any other ocular or neurological defect, were almost as common below 21 mmHg as above (Graham & Hollows 1966) (Fig 1) . Those who show a single pressure measurement of below 21 mmHg with a field defect fall into two classes. In one class, the pressure at times may be well above 21 mmHg, and the patient can be considered to have chronic glaucoma amenable to treatment. In the other, the pressure never rises at all, and the patient has the so-called low-tension glaucoma which may be more common than we have hitherto believed.
The existence of these patients with the typical field defect but only moderate ocular pressure tends to confirm the long-held suspicion that the susceptibility of the disc to damage by ocular pressure varies independently of pressure itself. This may explain our inability to define preglaucoma, and while it is a pointer for the research worker, none of the possible methods such as scotometry after artificial elevation of pressure (Bietti 1951 , Tsamparlakis 1964 or measurement of intraocular pressure/blood pressure ratios (Reese & McGavic 1942) is sufficiently well developed for use in the preventive field.
The present position of tonometry as a screening procedure is that, despite the attraction of simplicity, cheapness and acceptability, its performance falls a long way short of meeting the requirements discussed earlier. It fails to define a presymptomatic phase clearly, making supervision of an impractical number of suspects necessary. If used as an indicator of possible field defect it produces a large proportion of false positives and, more important, fails to indicate a significant proportion of defectives, including subjects in whom the intraocular pressure is sometimes raised. Despite its popularity in the past fifteen years, it is an inefficient method and we may well see a decline in the emphasis on ocular pressure in the future.
Field Screening
In view of the deficiencies of tonometry, it is desirable to investigate the possibility of rapid assessment of the visual field as a means of detecting the unsuspected early glaucomatous change and bringing it under control before serious visual loss occurs.
Although various simple scotoma detectors were designed in the past, the first of the really practicable screeners for rapid testing of the central field of vision was that developed by Harrington & Flocks (1955) , in which multiple patterns of stimuli were presented briefly one after the other, the patient identifying each pattern. By thig method the whole central field is covered in a short time, the sensitivity naturally varying with the number of stimuli per unit area. Similar devices have been developed by Friedman (1963, unpublished) and Gloster & Buchanan (1965) .
Using one of these devices it is possible to screen visual fields at about one-third the rate for tonometry. In a field trial of the Friedman multiple pattern screener we found that 13 % of the population selected at random from those presenting for tonometry showed significant defective performance (Graham & Hollows 1966) . Of this number, only 0-7 % were glaucomatous or had glaucoma-like defects without other explanation. This is a high false positive rate, but Table 1 shows that many ofthese defects can be accounted for by a fairly simple clinical examination, so that the assessment of suspects is less extravagant of time than that normally practised in tonometric surveys. The proportion requiring long-term supervision is also much smaller. These two points are of considerable importance, for it is the assessment and supervision of suspects that is the main administrative problem, not the initial screening procedure. Here the field screener has a clear advantage, since the larger proportion of suspects is offset by the simpler assessment and the number of suspects is much lower. Referring again to our own figures, field screening produced 0-7 % of subjects for long-term supervision. By tonometry followed by tonographic assessment, even the fairly conservative criferia of a tension of 21 mmHg or over with a PO/C ratio of 100 or more and all tensions of 30 mmHg or over irrespective of PO/C produced 2% of subjects. Considered in the light of the limited resources available for assessment and follow up, this reduction goes some way towards making mass screening a more practicable proposition.
The most obvious criticism of the field screener is that it detects only those who have already suffered loss of function from glaucoma, but in our present inability to define preglaucoma reliably and accurately this is a defect we can accept so far as prevention is concerned. A more serious criticism is that the field screener sacrifices sensitivity for speed. There is some evidence that this is significant in the detection of early arcuate scotomata in that Armaly (1962) reported that 6% to 8% of subjects showed arcuate scotomata, on the tangent screen, and as high a proportion as 12 % on the Goldmann perimeter at its highest sensitivity. When this is compared with our 0 7 % of glaucomatous or glaucoma-like defects, although on a different population, one must suspect that false negatives occur. Against this, one must consider that a frequency of 12 % for arcuate scotomata raises doubts as to its value in the prediction of future significant visual impairment, and the assessment of such subjects would present many of the problems already discussed in relation to tonometry. Clearly there is a need for further research into the relation between such defects and progressive glaucomatous loss of field. There is at present no case for the use of such sensitive tests in preventive medicine.
Ophthalmoscopy
The oldest of all screening procedures for glaucomatous field loss is the ophthalmoscopic inspection of the disc for the typical changes of cupping, atrophy and nasal shift of the vessels. This method is quick and simple but requires a very wide background of experience in ophthalmoscopy if early changes are to be noted. As a consequence it cannot be delegated to a technician and even among experienced observers disagreement is extremely common. There is no clear distinction between a disc with a large physiological cup and an early glaucomatous disc. Most observers feel that there are few if any well-established glaucomatous field defects which are not associated with a suspicious type of disc (Hunt 1966, p 49) although there are many suspicious discs without field defect. Armaly (1962) , however, found no correlation between the arcuate scotomata discussed above and the appearance of the disc, which again raises the question of the relationship of these defects to progressive loss of field.
If it is accepted that it is at least very uncommon for a significant field defect to be accompanied by a normal looking disc, ophthalmoscopy may be used as a screening procedure. The expected high false positive rate is confirmed (Graham & Hollows 1966) but the further assessment by checking tension and visual fields is fairly simple, and we were interested to find that all the patients with defects detectable with the Friedman screener were noted as having discs in the suspicious category, accompanied as expected by 1-8 % of the population with suspicious discs and no glaucoma-like defect. The main disadvantage of the method lies in the necessity for highly trained observers and they are not available.
Family Studies
It has long been suspected that glaucoma is, in part at least, genetically determined. So far as the higher levels of ocular pressure and reduced outflow facility are concerned the evidence is strong (Miller 1961 , Paterson 1961 , and recent research into the response of the ocular pressure to topical steroids (Armaly 1963 , Becker & Hahn 1964 shows a probable bior multi-modal distribution of response with a possible recessive transmission. The simple elevation of pressure does not, as already emphasized, necessarily lead to field loss, but the genetic basis might even extend to an inherited susceptibility to damage by intraocular pressure.
As a means of avoiding the screening of the whole population and thereby economizing on time expended per case detected, the examination of first-degree relatives of all new cases of glaucoma might have advantages and has been strongly advocated. Recent studies (Becker et al. 1960 , Paterson 1966 , Cameron et al. 1966 ) have shown prevalences of 'definite glaucoma' of between 8% and 10% among the relatives of known chronic glaucomas. Unfortunately the definition of established glaucoma is not standardized, so that it is difficult to compare these figures with those for an ocular pressure of 21 mmHg or more with established field defect. The figures suggest, however, that the proportion of glaucomatous patients in this category would be substantially greater than in mass screening.
Conclusion
This survey of methods of screening for unsuspected glaucoma makes it clear that all the currently available methods have disadvantages, and that we need much more information about the early natural history of the disease and the factors other than pressure which influence its course before better methods of definition are likely to arise.
One is bound to ask which of this group of methods should be recommended until a better becomes available. With limited resources and the objective of averting blindness from progressive glaucoma, we should adopt the method which produces the largest number of cases with established field defects in the shortest time. It is impossible to make exact comparisons, but from our own survey in which we used three methods (tonometry, field screening and ophthalmoscopy) and from data on the survey of Cameron and his colleagues (1966) I have been able to arrive at some approximate figures (Table 2) for the relative times spent by the ophthalmologist and a team of secretary and technician using these three techniques. Tonometry emerges as clearly the most expensive. At first sight there is a slight advantage for family studies, but no allowance has been included for the time necessary in tracing and contacting relatives which may differ from that spent in publicity for tonometric or field screening, and in addition there is the possibility of missing sporadic cases outside family groups.
In summary, therefore, tonometric screening for chronic glaucoma, though widely practised, is the least efficient of the practical methods. Between field screening and family studies a slight advantage in favour of the latter may exist. In view of the possibility of missing cases outside family groups, the most practical approach at present seems to be the offer of a field screening service, together with special encouragement to the relatives of all newly detected glaucoma patients to attend. This method still leaves much to be desired, and continued research into the early course of the disease may well point the way to true presymptomatic detection in the future. One thing is certain: screening for glaucoma will be expensive and new developments are rarely cheaper than their precursors.
DISCUSSION
Dr J M G Wilson (London) asked Mr Graham about the effectiveness of treatment for chronic simple glaucoma in its early stages. Mr Graham, in reply, said that treating the patient with an established glaucomatous field defect had been practised for years and he believed that it did the patients good. There was, however, no scientifically satisfactory evidence that it was so. It was one of those situations in which a disease had been treated in a certain fashion for so many years that it had become undesirable from an ethical point of view to go back to the beginning and say that a controlled trial of treatment should be conducted against a placebo or no treatment at all. So it must be said that conventionally the patient with a raised intra-ocular pressure and an early field defect was worth detecting and should be treated.
In the case of an asymptomatic patient with raised pressure but no field defect and a normallooking disc, the situation was quite different.
Here there seemed to be a case for a controlled trial of treatment. Strictly, however, this should be deferred until it was known what would be the risk of these patients developing glaucomatous field loss if left untreated, because treatment by myotics for glaucoma was not a pleasant procedure. It imposed considerable limitations on the patient's life, and it would probably be wrong to advise it in a person with asymptomatic ocular hypertension unless it were fairly sure that he would be running a significant risk of losing visual field if he was left untreated.
Mr L Goldman (London) noted that there might not be enough ophthalmologists available to do fundoscopic examinations, and asked Mr Graham whether he thought fundus photography could be used as a screening procedure. Mr Graham replied that it was a possible method, but little was yet known about its effectiveness. It was worth consideration, but studies would have to be carried out to determine how effective it could be. It was more difficult to assess a disc from a fundus photograph than by seeing it, because, unless elaborate stereoscopic photography was used, much information which could be obtained by parallax using an ophthalmoscope was lacking. Dr Robert Smith (London) said that tonometry in general practice was one of the great disappointments. In various practices throughout the country studies had been undertaken by general practitioners, because the method which had been described was ideal for routine use, in clinics run by general practitioners, on their own patients whom they knew and to whom they had easy access. In well-run practices they could get those of the older age groups to turn up at regular intervals. Now it appeared that this work was no longer of very much use. Findings were difficult to interpret accurately and were beyond the scope of the ordinary general practitioner. And yet there were many cases of neglect in this field apart from glaucoma, particularly amongst the younger age groups. It would be ideal to have a preventive ophthalmological service in the future based upon the family doctor closely working with his local consultant ophthalmologist in the hospital and rationally linked with the local optician. It must be accepted that probably the local optician was doing most of the eye-screening under the National Health Service at the moment.
Dr Smith asked Mr Graham whether he saw the field screener as practical in group practice in the near future. Mr Graham replied that the field screener was certainly something which could be used in a group practice. At present, only one model was commercially available, but there would probably shortly be two of British manufacture on the market. It was a fairly simple procedure in itself and one which could be delegated quite easily after a limited amount of training to a nurse or technician.
The initial interpretation of the results and the sifting of the patients for referral to the ophthalmologist could easily be accomplished by the average general practitioner. He should be able to make a fairly substantial reduction on the figure of 13% of patients, which one technician using the instrument was obliged to refer for a further opinion. It was a perfectly practical method and it would be well worth while trying such an instrument in a general practice to see what the results would be.
Anaemia
The Presymptomatic Diagnosis of Aniemia by G S Kilpatrick MD FRCPEd (Welsh National School ofMedicine, Cardiff) Presymptomatic diagnosis of anvmia should be considered in relation to the following questions:
(1) What is meant by anemia? (2) Is it common? (3) Can it readily be detected? (4) How best can it be treated? (5) Does it matter?
What is Meant by Anwmia ? If a random sample of the normal adult population is studied it is found that the hemoglobin concentration is more or less normally distributed in men but slightly skew to the left in women. In our own studies we demonstrated that the mean value for men was 14-9 g/100 ml and for women 13 -3 g/ O00 ml (Kilpatrick & Hardisty 1961) . For many years conventional and arbitrary levels of anmeia have been used; in general anemia has been defined in men as a haemoglobin of 12-5 g/100 ml (85%) or less and 12X0 g/100 ml (80 %) or less in women. These are probably convenient levels but one could argue about their arbitrariness (Pryce 1960 , Elwood 1964 and it is perhaps rather unrealistic that men have to be proportionately more aneemic than women before they are defined as having anemia. The iron deficiency type of anemia is by far the most common in practice and most of this paper deals with this variety. Thus it might be asked: (1) Do arbitrary levels of hemoglobin below which aneemia may be said to be present still serve a useful function? (2) Are the present conventional levels the correct ones? The answer to the first question is probably 'yes' for administrative purposes, but some re-thinking may be required to answer the second question.
Is Anwmia Common?
Iron deficiency anamia is common in the United Kingdom today (Jacobs et ai. 1965) but it is less prevalent than it was before or during the 1939-45 war (Davidson et al. 1943 
